The absorptivity or reflectivity of polycrystalline samples of Ti, Zr, and Hf was measured from 0.15 to ∼30 eV. The data were Kramers-Kronig analyzed to determine the dielectric functions. Between ∼0.2 and ∼7 eV, each metal showed five structures in the absorptivity and ε2. These were interpreted as interband transitions within the d bands. The ε2 spectra had minima near 7 eV similar to that observed in the bcc transition metals. Additional structures at higher energy could be related to transitions involving highlying bands and the core levels. The electron-energy-loss functions were calculated and discussed in terms of volume and surface plasmons. These metals, like the other transition metals studied, exhibited two volume and two surface plasmons. The absorptivity or reflectivity of polycrystalline samples of Ti, Zr, and Hf was measured from 0.15 to -30 eV. The data were Kramers-Kronig analyzed to determine the dielectric functions. Between -0.2 and -7 eV, each metal showed five structures in the absorptivity and c,. These were interpreted as interband transitions within the d bands. The e2 spectra had minima near 7 eV similar to that observed in the bcc transition metals. Additional structures at higher energy could be related to transitions involving highlying bands and the core levels. The electron-energy-loss functions were calculated and discussed in terms of volume and surface plasmons. These metals, like the other transition metals studied, exhibited two volume and two surface plasmons.
INTRODUCTION
The hcp transition metals have received little experimental or theoretical attention in the past years, while the energy bands and Fermi surfaces of many simple and noble metals have been studied extensively.
In part, this is because single crystals of purity adequate for Fermi-surface studies are difficult to prepare. For lack of experimental data, theoretical studies have been few and often inconclusive. While one expects the hcp transition metals to be similar to the bcc and fcc transition metals, about which more is known, differences arising primarily from the crystal structure are to be expected. The optical properties, but not the Fermi surfaces, should be qualitatively similar for the different structures.
In the following we report our measurements of the optical properties of Ti, Zr, and Hf in the energy range from 0. 15 to -30 eV. These are compared with our previously reported measurements dealing with the bcc transition metals, 's and with electron-energy-loss measurements.
Structure in &2 is discussed in terms of existing band calculations. ' 
METHOD
The samples studied were spark cut from ingots which had been prepared by electron-beam melting. They were large and polycrystalline with about 1-mm grains. The Hf sample contained about l-at. % Zr. The samples were mechanically polished, electropolished (6% perchloric acid in methanol at dry-ice temperature), annealed at -1150 'C in Ar, and then reelectropolished immediately before being transferred to the sample chambers (time of exposure to air 2-3 min; after 3 min the roughing pumps were started; within 4 min, the vuv chamber pressure was -5x10~T orr). At In the region of overlap, the agreement was very good. R was measured at 10' angle of incidence with s-and ppolarized radiation. The high-energy data were taken using the continuum synchrotron radiation from the 240-MeV electron storage ring operated by the Physical Sciences Laboratory of the University of Wisconsin. The apparatus and techniques have been described in detail elsewhere. 6 The results of the measurements are presented in Figs. 1-6. Kramers-Kronig (KK) analyses were used to convert the measured spectra to spectra of the complex dielectric function & = &i+i&2, from which we calculated the complex refractive index N=n + ik, the optical conductivity, the energy-loss functions, and certain sum rules. To perform the KK analyses, it was necessary to introduce high-and low-energy extrapolations.
For a free-electron gas, the low-energy absorptivity would be constant and equal to 2/&u~r, where~~is the plasma frequency and 7. is the relaxation time. It was clear from Fig. 1 Fig. 10 . A small calculated peak at 0.35 eV corresponds to our peak at 0.3V eV. It arises from transitions between nearly parallel bands around I" (along T and Z) through which the Fermi level passes. Subsequent calculated conductivity peaks appear at 0. 9, 1.5, 1.8, and 2. 3 eV. The
Better seen in the conductivity (Fig. 10) .
'Subtle feature in conductivity corresponding to broad, weak absorption as seen in R (Fig. 5 ).
N2 3 core structure (see text).
N6 & core structure (tentative identification -see text).
'02 3 core structure (see text). 
